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ORGANIC CARBON AND SELECTED ELEMENT DISTRIBUTION IN THE PHOSPHATIC SHALE MEMBERS 

OF THE PERMIAN PHOSPHORIA FORMATION, EASTERN IDAHO AND PARTS OF

ADJACENT STATES 

by Edwin K. Maughan

Introduction 

Organic carbon-rich Meade Peak and Retort Phosphatic Shale Members of the

Permian Phosphoria Formation in eastern Idaho and adjacent parts of Utah, Wyoming, 

and Montana are probable source beds of oil and gas found in upper Paleozoic rocks 

of the region. The Meade Peak contains an average of as much 8.8 weight percent 

and the Retort as much as 9.7 weight percent residual organic carbon. Some thin 

beds in these members contain as much-as 30.7 and 21.4 percent, respectively.

Trace elements, especially silver, barium, chromium, copper, lanthanum,

molybdenum, neodymium, nickel, lead, strontium, titaniun, vanadium, yttrium, Ytterbium and 

zinc also are found in high concentrations in these shale beds, and commonly in 

approximately the same areal distribution as the organic carbon.

This report presents the analytical results for organic carbon content that 

augment a recently published summary report on the distribution of the organic 

carbon (Maughan, 1975) and the analytical data presented here augment that report and 

others that are in preparation (Claypool and others, x-rritten commun. , 1976). 

Analytical data of the trace element content are included also. Petroleum derived from 

these Phosphoria sources include trace elements probably derived mostly from these rocks; 

and some of these minor elements also may be resources amenable to recovery associated 

with recovery of the phosphorite.

Gulbrandsen (1975) presented analytical trace element data stemming frcm 

extensive studies relating to the phosphate resources of the Phosphor La and a 

comprehensive bibliography to previously published chemical data for these rock.s is 

given (Gulbrandsen, 1975, p. 38-45).



The present study was initiated in 1973 to determine the amount and distribution 

of organic carbon in the shale beds of the Phosphoria Formation in the region shown 

in figure 1 as a step to understand better the role of these rocks as sources of 

petroleum. Samples were collected in the summer of 1973 with the assistance of 

Thomas L. Sewell and Bob Tsinnie, and in the summer of 1974 with the assistance of 

Richard L. Rexroad and Fernando Fernandez. Much of the compilation of data and 

other work that aided in the preparation of the report was don° by Daniel R. Grogan, 

Craig A. Stiles, and Roland Connors.

Geologic setting

2 2 The Meade Peak occupies an area of approximately 118,000 km (73,300 mi )

and has a maximum thickness approaching 100 m (330 ft) in northern Utah. The Retort 
occupies an area of approximately 143,000 km (38,900 mi") and has a

maximum thickness of about 35 m (115 ft) in western Montana. Volumetrically, the

3 ^ Meade Peak comprises about 1,400 km (870 mi~) of sediment and the Retort about

3 3 1,450 km (900 mi ). The stratigraphic relations are shown in figure 2; the areal

extent of the two members are illustrated by Maughan (1975, fig. 3 and 4).

The Phosphoria sediments were deposited in a bight along the continental shelf 

east of the late Paleozoic mobile belt. At time*? of transgression of the sea 

across the region, represented by the deposits of the Meade Peak and the Retort, 

upwelling currents in deepened marine water nourished an abundant biota whose 

remains accumulated on the sea floor. Subsequently, at least 2 km (6,500 ft) 

of overlying sediment was deposited in the western paru of *~he region by the end 

of the Triassic and in the eastern part fbecause of lower rates of deposition) by 

the end of the Cretaceous. Maximum burial of these Permian source rocks in most 

of the region, as much as 9 km (30,000 ft) in eastern Idaho, occurred approximately 

at the end of the Cretaceous and produced adequate pressure and temperature for 

generation of hydrocarbons from the organic substances in the organic-rich shales 

(Claypool and others, written commun., 1976).



In parts of southwestern Montana, however ? maximum burial of the Retort 

Member has not exceeded 2 km (6500 ft) and much of the petroleum potential 

remains in the unconverted organic 'nst.i.P 1- in those shales. But elsewhere, 

petroleum has been generated within the Retort and the Meade Peak and 

probably has either migrated from these shale beds, or else has been 

metamorphosed and the organic carbon and hydrocarbons have been thermally 

degraded.

Sampling method

Samples for determining the organic carbon content were collected 

from 45 localities in the four-State area. These places are listed 

in table 1, and their geographic locations are shown in figure 1. 

Table 2 presents a summary of stratigraphic position, thickness and 

brief lithologic description of the samples.

Effects of extreme weathering were minimized as much as possible 

by taking the samples at places where uhe rocks were naturally or 

artificially well exposed. Weathering to the depth of 75 m (250 ft) 

has been noted in these rocks (Hale, 1967, p. 153-156) by an increase 

of the organic content with increasing depth as evidenced by ignition 

loss. Many of our samples are from prospect trenches excavated 

between 1947 ant*1954 where the shale members had been previously 

uncovered.^ measured, sampled, and analyzed for their content of ?205 

(USGS Circulars, cited by Gulbrandsen, 1975, p. 38-45). Most natural exposures 

are cut banks adjacent to streams where relatively fresh and little 

weathered rocks have been uncovered recently by stream erosion. Road 

cuts and excavations for the strip mining of phosphorite provide 

artificial exposures of fresh rock which we sampled. A few natural 

exposures (Iocs. 3, 5, and 39) are places of accelerated erosion,

3 ^



but weathering probably affected the rock to a greater extent than at 

stream banks and in the artificial exposures at other sample localities 

The sample from the Anderson phosphate mine (loc.1) near Garrison, 

Montana, is from underground and probably is unaffected or only 

slightly affected by recent weathering. At another underground mine 

located on Canyon Creek in the Pioneer Mountains, Montana, (loc. 33) 

the sample could be.collected only from the mine dump and may not be 

very reliable nor representative.

Samples were taken mostly in increments of 1-3 m (3-10 ft) 

although thin, lithologically distinct beds were sampled separately. 

The sample material was collected after removing covering soil or 

debris, and generally from 0.25--0.5 m (1-2 ft) of the surface of 

the rock was removed also. Most samples were taken in channel from 

freshly handcut trenches across the member at the older excavations 

or at the most favorable part of the natural exposures. At a few 

places where soil or debris cover was thick or where the rock seemed 

especially deeply weathered, representative samples were taken at 

regular intervals spaced 1-3 m (3-10 ft), or where the 

shale member is very thick samples were spaced as much as 20 m (66 ft) 

apart* Roots were a problem at a few places, and they were removed from 

joint faces and bedding planes before the sample was placed into the 

collecting bag.



Laboratory procedures

Organic carbon content and trace elements were determined in the Analytical 

Laboratories of the U.S. Geological Survey at Lakewood, Colorado. Total carbon 

was determined with the Leco induction furnace by V. E. Shaw, and mineral carbon 

was determined gasometrically by T. L. Yager. The organic carbon is calculated 

as the difference between the two values. Results of these carbon analyses are 

summarized in table 3. Semiquantitative data for elements other than carbon in 

table 3 were determined by J.C. Hamilton and L. A. Bradley, analysts, using the 

six-step emission spectrographic method. Areal distributions of organic carbon 

and of selected elements in the Meade Peak and Retort Members are shown in 

figures 3-21. The values shown are weighted average contents calculated for the 

entire thickness of the member at each of the sample localities. The following 

elements generally were looked for, but were not detected in the spectrographic 

analyses and probnbly are not components or occur as very minute amounts in these 

rocks: As, Au, Bi, Cd, Co, Dy, Er, Eu, Gd, Ge, Hf, Ho, Li, Lu, Pd, Pt, Re, Sb, 

Sm, Sn, Ta, Tb, Te, Th, Tl, Tm, U, and W. Lithium, {.01%, was detected in samples 

21 A-E and G-K, and in 22 A, B, E-K, and P. Dysprosium, <f .005%, was detected in 

samples 22 G and H and at .007% in sample 37G. Gadolinium, <'.005%, was detected 

in sample 22H, and at .007% in sample 37G. Samarium, .015%: , holmium, .003%, and 

erbium, .007%, were also detected in sample 37G.
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